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1 INTRODUCTION 
 
The likely performance of shallow foundation in the 
Niger Delta region has been thoroughly investigated 
in this work. The purpose of the paper is to develop a 
framework for ascertaining suitability of shallow 
foundations in bearing different structural loadings 
and for different soil conditions prevalent in the Niger 
Delta. Two major soil types were considered in this 
work. The first is lateritic sand clay soils which be-
longs to the Pleistocenic formation of the Niger Delta 
and is characterized mainly by sandy clay sediments 
that had been subjected to tropical weathering. The 
other soil type that was considered is the soft silty 
clays. These soils mainly lie within the coastal plain 
of the Niger Delta and are mostly encountered in a 
swampy and mangrove environment surrounded by a 
network of creeklets.  

 
 

2 DESIGN SITUATION 
 
The subsoil condition of the first soil that was consid-
ered comprises mainly of 12.75 m thick stiff sandy 
clay soils overlying a dense sand deposit that contin-
ued to 45 m. Ground water was noticed around 28 m 
depth below ground surface. The compressibility pa-
rameters were determined from one-dimensional con-

solidation tests. The coefficient of volume compress-
ibility obtained indicated values mostly in the range 
of 0.25 m2 / MN to 0.13 m2 / MN for pressures rang-
ing be-tween 50 kN /m2 to 400 kN / m2. The coeffi-
cient of consolidation mostly ranged between 
39 m2 / yr to 11 m2 / yr. Over-consolidation ratio 
(OCR) values ranges from approximately 1.5 to 8.5. 
Major structures planned for this location are the 
Condensate / Produced water tank, TEG contactor, 
well head and compressors.  

The layering system of the other sites consists of 
dark grey, highly compressible, soft clay which occu-
pies the entire subsurface down to a depth of 23 m. 
This is underlain by a relatively thin band (mostly 1 m 
to rarely 7 m) of interbedded sandy clay and silty sand 
layers. Within the topsoil, to about 6.0 m depth, inter-
calations of swampy organic inclusions were encoun-
tered. The coefficient of volume compressibility 
mostly ranged between 0.9 m2 / MN to 1.3 m2 / MN 
and the coefficient of consolidation ranged 2.9 m2 / yr 
to 6.3 m2 / yr. In this location, a central processing 
facility and facility logistics base was planned to be 
constructed.  

 
 

3 ANALYTICAL METHOD 
 
Stability of the shallow foundation elements has been 
carried out with strict adherence to the provisions of 
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relevant sections of Eurocode 7: Geotechnical Design 
Part 1: General rules. To verify the deformation per-
formance of the structures, serviceability limit states 
were examined, and the values obtained were com-
pared with that of the limiting design value using the 
expression in equation 1 below. 

𝐸" ≤ 𝐶" (1) 

Where, 𝐸" is the calculated design value of the effect 
of the action and 𝐶" is the limiting design value of the 
effect of the actions. The serviceability loads were ob-
tained from the characteristic loads of the structures 
as the partial factors were taken as unity. The conso-
lidation settlements were determined using the fol-
lowing expression: 

𝑆& = 𝑀)𝐻∆𝜎
-  (2) 

Where: 
𝑆& = Consolidation settlement 
𝑀) = Coefficient of volume compressibility 
H = Thickness of the clay layer 
∆𝜎- = Increment in the vertical effective stress in the 
layer due to the net bearing pressure.  
 
Estimates for the rates of settlement were made pos-
sible using the coefficient of consolidation. 

𝑡 =
/01

2

30

  (3) 

Where: 
𝑡 = Time for a required degree of settlement 
𝐻 = Maximum length of drainage path of the clay 
layer 
𝑇) = Time factor 
𝐶) = Coefficient of consolidation 

 
 

4 DISCUSSION 

4.1 Lateritic Sandy Clay Formation 

4.1.1 Produced / condensate water tank 
The produced / condensate surface tank that is 39 m 
in diameter and in 3 m high which is to be constructed 
on granular pad. Anticipated actions arising from 
structural elements indicate 3220 kN when empty and 
145,290 kN when full of the water content. 
The surface tank structure was designed for a depth 
of 1.2 m below ground surface. At this depth, when 
fully loaded with water content, the tank plus the 
granular pad is expected to exact a pressure of 
146 kN / m2 on the soil. The results of the computa-
tion revealed that the pattern of the tank settlement 
will assume a non-uniform perimeter-centre settle-
ment with maximum settlements located at the centre 
of the tank. The calculated settlement under full ser-
vice load at the centre of tank is 224 mm. Settlement 
at the periphery of the tank settlement was estimated 
as 105 mm. The average settlement is estimated as 

165 mm and is below the critical value of 180 mm 
proposed for large tanks (Klepikov 1989). For the 
given tank diameter, the estimated maximum settle-
ment value is less than the maximum allowable bot-
tom plate settlement value of 605 mm (API 653 
1995). Differential settlement between the centre and 
edge of the tank is 119 mm, which is also seen to be 
less than the maximum tolerable different settlement 
criteria of 0.025 times the tank diameter (D’Orazio & 
Duncan 1987). The deflection ratio of the tank was 
computed as 0.0061. This, again, is considered ade-
quate as it is less than the recommended maximum 
value of 0.008 for circular steel tanks on a flexible 
base, either with a fixed or floating roof. Curves re-
lating to the settlements at various stages of water 
content in the tank are presented in Figure 1. 
 

 

Figure 1. Variation of settlement with height of water content in 

the tank 

 
The above results show that the tank can tolerate the 
attendant settlements without overstress on the tank 
structure. The rates of settlement were assessed for 
90 % degree of settlement. The estimation as shown 
in Figure 2 and 3 disclosed that the settlement could 
be achieved in 59 months for single drainage and 15 
months for two-way drainage.  
 

 
Figure 2. Variation of magnitudes of settlement with time for 

single drainage 
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Figure 3. Variation of magnitudes of settlement with time for 2-

way drainage 

 
Hydro-testing is an integral part of large storage tank 
construction. It is required to check the integrity of 
the tank as well as appraise the performance of the 
foundation when subjected to the intended loads. A 
scheduled and procedure for the hydrotesting pro-
gram was proffered. The tank was scheduled to be 
filled in stages of 2 m per 48 hours. An interval of 6 
days is to be allowed after each 2 m is achieved before 
additional loadings. Accordingly, it was estimated 
that less than 10% of the final settlement would take 
place during the hydro-testing period. 

4.1.2 TEG contactor 
Indicative structural loadings for the TEG Contactor 
are anticipated to be 1575 kN (dry weight) and 
1790 kN (operating weight). The equipment plan di-
mension of 2.63 m x 2.63 m was considered for the 
footing configurations. Serviceability state limit 
checks showed that stability of the structure-soil load-
ing systems can only be confirmed with a minimum 
square footing width of 9.0 m. This size was seen to 
be too large when compared with the proposed equip-
ment plan dimension of 2.63 m by 2.63 m. Since 
smaller footing size was needed, a soil enhancement 
scheme which involves removing considerable thick-
ness of the top clay layer (say about 2.5 m) and re-
placing them with sand was given thought. 

4.1.3 Well head 
A land rig with total load of 15642 kN was scheduled 
for oil drilling and exploration activities on a cellar 
slab having 33 m by 14 m dimension. In the design, 
consideration has been given to founding the slab at a 
depth of 0.8 m. At this level, the Rig is expected exert 
a pressure of 360 kN/m2 on the ground. The predicted 
settlement was 292 mm which is estimated to be 
achieved in 55 months. The settlement value far ex-
ceeds the tolerable limit that is needed to ensure the 
stability of the rig-soil system. It is however expected 
that the soils will experience the induced pressure 
from the rig at the short term (during the drilling op-
erations) only. Thus, the computed total settlement 
cannot be attained as most oil-well drilling operations 

in normal circumstances last within six months. The 
estimated settlement as obtained for a period of six 
months is 50 mm; this was considered adequate for 
the stability of the soil-structure system.  

4.1.4 XHP/HP compressors 
Information about the compressor indicates that the 
equipment would exact a weight of 605 kN in the dry 
weight) and 630 kN when operational. The equipment 
was to be constructed on 10.2 m by 5.6 m foundation 
plan dimensions; typical of a raft/mat foundation. The 
results of analyses of the soil foundation systems 
show that at depths of 0.5 m and 0.8 m, stability of 
the entire system can be guaranteed as the service-
ability assessment shows an average value of 18 mm 
as consolidation settlement. 

4.2 Soft Silty Clay Formation 

4.2.1 Central processing facilities 
This site was acquired for the purpose of constructing 
central processing facilities (CPF) and a facility logis-
tics base (FLB). The structural loads for the central 
processing facility ranged between with 1950 kN and 
3000 kN. For the facility logistics base, bungalows 
with steel roof trusses with maximum column loads 
of 300 kN were planned. Serviceability limit state 
checks performed for both facilities confirmed that 
stability of the entire system cannot be assured. Hence 
soil improvement methods in the form of preloading 
with sand fill was considered. Consolidation settle-
ment caused by sand fill has been estimated for the 
site. In the analysis a representative value for the unit 
weight of the sand fill which is considered appropri-
ate is used for determining the weight of the overbur-
den on the underlying soft clay. A unit weight of 
20 kN / m3 was chosen to reflect the most likely value 
for fill material since the fill is expected to be ade-
quately compacted in time.  

The entire clay layer, which extends from the 
ground surface to depths in excess of 20 m, may not 
completely be influenced by the stress induced by the 
sand fill. The thickness of clay layer considered to ex-
perience the effect of the sand fill overburden was 
therefore limited to between 10 m and 15 m. For both 
single and double drainage analysis, results indicate 
that the underlying clay layers would experience low 
consolidation settlement if the sand fill is limited to 
only 2 m and very large consolidation settlements for 
larger fill heights. Figure 4 shows that a fill height of 
about 4 m and above will cause an overall consolida-
tion settlement in excess of 1 m if consolidating layer 
is 15 m.  

As shown in Figure 5, the time period for 90 % 
consolidation of a 10 m thick layer of the underlying 
clay is estimated at five years. An estimate of 16 years 
is correspondingly estimated for a thickness of 15 m. 
These estimates are for double drainage conditions. 
On the other hand, the estimation which assumes a 
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one-way drainage disclosed that 90 % settlement 
could be achieved in 64 years considering 15 m clay 
thickness. The double drainage condition yields a 
more realistic value of the consolidation rate since the 
values obtained fall within acceptable limits defined 
by past experiences.  

Stability analysis performed for the “new” soil 
profiles-loading system for the case of 2 m thick sand 
fill overlying the existing clay showed that the logis-
tics base facilities when constructed will experience 
stability. For the central processing facility, the load-
ings intensities are high and as such the sand fill is to 
be complimented by the use of deep foundations. 
 

 
Figure 4. Fill height Vs Consolidation (Double Drainage) 

 

 
Figure 5. Time rate of Consolidation Vs Thickness of Consoli-

dating Layer 
 

5 CONCLUSION 
 
The Niger Delta region of Nigeria remains one of the 
most difficult ground conditions around the world. 
Most constructions simply adopt pile foundations be-
cause of the perceived poor subsurface conditions of 
the sites. In this work, settlement evaluations for var-
ious sites have established the need for soil improve-
ment as a measure to improve performance of heavily 
loaded shallow foundations for oil and gas installa-
tions in soft clays. The use of piles may always be 
considered if cost is of less concern. 
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